The progress in understanding the evolution of the Earth during the Ediacaran-Cambrian is greatly hindered by the scarcity and inconsistency of paleomagnetic data for this time interval. In order to acquire new data and clarify the confusing situation, Upper Ediacaran clastic rocks of the Basu Formation were sampled at several localities in the westernmost parts of the South Urals that is the deformed margin of Baltica at least since the beginning of the Neoproterozoic. With the aid of stepwise thermal demagnetization, a dual-polarity high-temperature component (HTC) was reliably isolated from gray and maroon sandstones and siltstones at 34/49 sites. The HTC mean direction D°= 55, inclination I°= −35 (k = 31, α 95°= 4.5) corresponds to a paleolatitude of 19°± 3°. The reversal and fold tests are positive for the HTC. The slump test on two meter-sized slumps shows that the HTC predates slumping in one case and is coeval with it, in the other, thus convincingly indicating the primary origin of the HTC. Also, we demonstrate that inclination shallowing is either absent altogether, or, at worst, less than 10°, in these rocks; hence the position of Baltica can be reliably reconstructed for time 560-575 Ma. We reviewed paleomagnetic data with ages from 615 to 530 Ma for Baltica and Laurentia and come to the conclusion that there is still no uncontestable scenario for the opening of the Iapetus Ocean that is based on non-controversial geologic and paleomagnetic data.
Introduction
The Ediacaran-Early Ordovician interval is one of the most intriguing epochs of geologic time. The onset of the Ediacaran corresponds to the approximate end of the so-called "Snowball glaciations" and the terminal Ediacaran (~542 Ma) is followed by a great radiation of life forms commonly referred to as the "Cambrian Explosion". It has been argued that Ediacaran-Cambrian time period was also a time where continents underwent rapid changes in their latitudinal positions due to unusually rapid plate motions , inertial interchange true polar wander (Kirschvink et al., 1997) , true polar wander (Evans, 1998) or interactions with superplumes (Meert and Tamrat, 2004) . Abrajevitch and Van der Voo (2010) argue that the seeming complexities of continental motion in the Ediacaran-Cambrian are the result of the geomagnetic field switching between a dominant axial dipole field and an equatorial dipole field. These changes may be interrelated and connected, at least in part, to the distribution of continents across the globe.
The chief tool in deciphering paleogeography is paleomagnetism, and there are numerous attempts to provide a robust Ediacaran-Cambrian paleogeography using paleomagnetic data. Yet, it is precisely the Ediacaran-Cambrian time period (~635-488 Ma) where the paleomagnetic data are the most controversial (Meert et al., 1998; McCausland et al., 2007; Meert et al., 2007; Pisarevsky et al., 2008; Abrajevitch and Van der Voo, 2010; Meert, 2014) . The problems are particularly acute for Laurentia and Baltica; most probably because they have the largest dataset.
There are very few, if any, Cambrian-Ediacaran targets on the platform of Baltica that are suitable for paleomagnetic studies and remain unstudied. However, there is a nearly thousand-kilometer-long band of Neoproterozoic and Ediacaran rocks in the western part of the South and Middle Urals along the Baltica margin (Fig. 1a) . In particular, a nearly 2 kilometer thick Ediacaran terrigenous sequence is located in the South Urals (Stratotype of the Riphean: Stratigraphy, Geochronology, 1983; Bekker, 1988) . These para-autochthonous units offer an opportunity to obtain new paleomagnetic data for the Ediacaran of Baltica. Because the units are considered to be para-autochthonous, the rocks must yield high-quality paleomagnetic results (including the age of the rocks) that can be evaluated for post-remanent rotations and translations with respect to the craton.
The western parts of the Uralian fold belt are similar to those of cratonic Baltica. In particular, a more than 10 km thick succession of Mesoproterozoic and Neoproterozoic mostly sedimentary rocks is exposed in the Bashkir anticlinorium (Uplift) in the western South Urals (Fig. 1b) . This succession is reliably correlated with sections in the Ural Foredeep and the eastern parts of Baltica sensu stricto. Correlation is further supported by a series of matched seismic profiles (Stratotype of the Riphean: Stratigraphy, Geochronology, 1983; Puchkov et al., 2001) . Although eastward-dipping seismic boundaries under the Bashkir Uplift are interpreted as the consequence of westward thrusting of the Uralian units over the craton in Permian time (Puchkov et al., 2001) , the inferred transport along the thrusts is not considered to be significant. In light of this, these units are considered to be part of the Baltica deformed margin since the early Neoproterozoic (~1 Ga; Puchkov, 2003) .
Exposed within the Bashkir Uplift is a nearly 10 kilometer thick succession of Mesoproterozoic and Neoproterozoic age clastic sediments and carbonates with subordinate Mesoproterozoic volcanics (Stratotype Kozlov, 2002) . The thickest red line denotes the Zilmerdak Fault, to the west of which Ediacaran rocks are overlain by Paleozoic rocks without angular unconformity. Thick black line is the Main Uralian Fault. Red stars denote the sampling localities numbered as in the text and Table 1 , where the Upper Ediacaran Basu Formation was studied; white unlabeled stars denote localities, where no consistent results were obtained. (c) Simplified stratigraphic column of the Ediacaran sequence of the SW Urals.
of the Riphean: Stratigraphy, Geochronology, 1983) . The uppermost member of this succession, the Asha Series, comprises up to 2 km thick terrigenous clastics, presumably molasse (Bekker, 1988) . It is divided into five members, the Bakeev, Uryuk, Basu, Kuk-Karauk and Zigan Formations in ascending order (Fig. 1c) . The lower two units are predominately arkose, and the upper three formations are polymictic. Sandstone and siltstone prevail through the Series, with subordinate mudstone and rare gritstone. There are no angular unconformities between the base of the Asha Series and mid-Permian rocks to the west of the Zilmerdak Fault (thick red line in Fig. 1b) . Therefore, the only folding in the westernmost Urals took place in mid-Permian time (Kungurian, 272-279 Ma; Puchkov, 2003) . Although Ediacaran rocks outcrop over a rather large area (Fig. 1b) , the younger horizons of the Asha series with eastern dips are rare, being truncated by the regional Zilmerdak Fault. Consequently, most exposures of the Asha rocks have similar shallow dips to the west.
Until recently, the ages of the Asha Series and its members were not well constrained. The Asha Series para-conformably (and locally unconformably) overlies older Neoproterozoic rocks and is in turn paraconformably overlain by Middle Ordovician sediments in the south and Emsian (Early Devonian) sandstone elsewhere (Ivanushkin et al., 2009) . A study of detrital zircons from the Kuk-Karauk Conglomerate and Basu Fm. Kuznetsov et al. (2012a Kuznetsov et al. ( ,b, 2013 ) reveal a wide age range from N 600 Ma to N 2500 Ma and hence do not impose tight constraints on the age of the Asha Series. So far, the only isotopic age directly from the Asha Group (U-Pb method on zircons from a tuff bed) is that of 548.2 ± 3.5 Ma on the Zigan Fm. (Grazhdankin et al., 2011; Levashova et al., 2013 (Bekker, 1992) . Also found were some trace fossils: Palaeopascichnus delicatus Palij; Neonereites uniserialis Seilacher, Catellichnus oktonarius Becker (Bekker, 1992 (Bekker, , 1996 . Grazhdankin et al. (2011) and Ronkin et al. (2006) suggest a correlation between the Chernykamen Formation (Sylvitsa Group, Central Urals) and the Zigan Formation (South Urals) on the basis of Ediacaran fossils, sequence boundaries and geochronology. These correlations (and known U-Pb ages) would narrowly constrain the age of the Basu Formation to between 570 and 560 Ma (Ronkin et al., 2006; Grazhdankin et al., 2011; Maslov et al., 2013) .
Several attempts to acquire paleomagnetic data on the terrigenous rocks of the Asha Series were undertaken and are summarized in Table 1 (the data based on incomplete demagnetization and not subjected to principal component analysis are excluded). The oldest Bakeev Fm. of presumed Late Cryogenian (Early Ediacaran) age is exposed in several locations (Stratotype of the Riphean: Stratigraphy, Geochronology, 1983) although no useful results were obtained from a pilot collection of samples collected by our research team.
The Uryuk Fm. is mostly composed of arkose gritstone and coarsegrained sandstones. The upper part of this formation comprises intercalating whitish and brick red medium-grained arkoses. Several sites yielded a component, which is directionally close to the widespread Late Paleozoic overprint in the Urals and was treated as such (Uryukred in Table 1 ). 500 to 900 meter thick greenish-gray and brown-gray sandstone with subordinate siltstone of the Basu Fm. were the subjects of several studies (Komissarova, 1963 (Komissarova, , 1970 Golovanova et al., 2011; Iosifidi et al., 2012) . A dual-polarity remanence with northeastern declination and negative inclination was reliably identified by all researchers (Basu-1 in Table 1 ) and was considered a mid-Paleozoic prefolding overprint by Iosifidi et al. (2012) . These authors have also isolated another bi-polar component (Basu-2 in Table 1 ) in five samples out of 30 studied and claimed it to be primary.
The most complicated dataset comes from the Kuk-Karauk Fm. that comprises mostly reddish-brown coarse-grained sandstones, often with millimeter-sized floating pebbles, and a regionally traceable conglomerate unit (Kuk-Karauk Conglomerate). This unit is up to 50 m thick in the south of the Bashkir Uplift, thins out to a few meters in its central part and wedges out altogether further to the north. Most pebbles are made of white quartz; with subordinate granites, black volcanic rocks, red cherts, and sometimes reddish sedimentary rocks. Pisarevsky et al. (1999) obtained scattered component directions from 33 samples of medium grained sandstones both below and above the conglomerate at two localities but claimed the presence of three dual-polarity components after sorting the data with the aid of cluster analysis (Kuk-Karauk-1 to Kuk-Karauk-3, Table 1 ). Iosifidi et al. (2012) studied 70 samples from three localities and recognized two dual-polarity components, both of which agree with their results on the Basu Fm. We studied 34 samples from five sites at two localities and found a dispersed cloud (k~2) of high-temperature component (HTC). All in all, the presence of any consistent component does not appear to be established in this formation. Finally, Golovanova et al. (2011) sampled thirty cobbles of magmatic rocks and sediments from the Kuk-Karauk Conglomerate, most of which yielded a well defined and rather tightly grouped single component aligned with the present-day field.
The youngest member of the Asha Series, the Zigan Fm., yielded a well-defined dual-polarity remanence in maroon sandstones at three localities . (Fisher, 1953 ).
Here we present new paleomagnetic results from the Basu Fm. and examine the implications of these results for Ediacaran paleogeography.
Sampling
The 500 to 900 meter thick Basu Fm. comprises about half of the Asha Series (Fig. 1c) . Within a~30-40 meter thick transitional zone, red arkoses of the underlying Uryuk Fm. are gradually replaced with darker colored polymictic sandstones of the Basu Fm. Its upper boundary is imprecisely defined by gradual transition to predominantly brown red and generally coarser sandstones of the Kuk-Karauk Fm. (Fig. 1c) . The sections of the Basu Fm. vary laterally, but have no regionally recognizable marker horizons; this and limited patchy exposures along river beds and roads lead to a situation that even sections a few kilometers apart cannot be unambiguously matched.
The Basu Fm. mainly consists of fine-to medium-grained polymictic sandstones, with subordinate siltstones and millimeter-thick argillite films on bedding surfaces of coarser-grained varieties. Most sandstones and siltstones are gray to greenish-gray, sometimes maroon, whereas argillites are usually chocolate-colored, thus often making the outcrops look like red beds. The rocks are non-metamorphosed; even calcite veins are rare. Cross-bedding, ripple marks, sometimes slumps, testify to the accumulation of the Basu rocks at shallow water depths. The polymictic part of the Asha Series, including the Basu Fm., is regarded as molasse by Bekker (1988) . The scarcity of coarse-grained rocks points to accumulation in distal parts of a molasse basin.
We sampled the Basu Fm. at several localities that are spread over more than 100 km from north to south (red stars in Fig. 1b) . Locality GB is at the northern periclinal section of the Avdyrdak Anticline where it is cut by the Inzer River. This locality provided us with six sites from adjoining sections along with a slump fold that was several decimeters in length. Localities BSW and BSE are sampled from road cuts in the Basu River valley where it crosses the western and eastern limbs, respectively, of the same fold. Twenty-three sites that are spread over a considerable part of the formation thickness were studied. Three sites were collected along the eastern bank of the Takata River (Locality TK). At locality KK (in the Kuk-Karauk valley) a total of 17 sites and two slump folds were sampled (see more detail below). The remaining sites yielded numerous samples, but no interpretable data (white stars in Fig. 1b ).
Paleomagnetism

Methods
Paleomagnetic samples were collected as hand-sized blocks oriented with a magnetic compass, one sample being taken at a stratigraphic level. Four to twelve or even more samples collected from a 3 to 10, sometimes up to 30 m thick section parts, depending on the exposure quality and the availability of suitable rock varieties, is considered a site. Cubic specimens of 8-cm 3 volume were cut from each hand sample.
The collection was studied in the Paleomagnetic laboratories of Geological Institute of the Russian Academy of Sciences in Moscow and at the Institute of Geology (Ufa Scientific Center, Russian Academy of Sciences) in the city of Ufa. Individual specimens were stepwise heated in 12 to 20 increments up to 700°C in either homemade ovens (Moscow) or utilizing an Analytical Services TD-48 thermal demagnetizer with internal residual fields of b10 nT (Ufa); measurements of the natural remanent magnetization, NRM, were done with a JR-4 or JR-6 spinner magnetometer with a noise level of 0.05 mA/m. Demagnetization results were plotted in orthogonal vector diagrams (Zijderveld, 1967) . Visually identified linear trajectories were used to determine directions of magnetic components by Principal Component Analysis (PCA), employing a least-squares fit comprising three or more demagnetization steps (Kirschvink, 1980) , anchoring the fitting lines to the origin where appropriate. Paleomagnetic software written by JeanPascal Cogné (2003) was used in the analysis.
Results from the main collection
The NRM values in the Basu rocks range from less than 1 mA/m to nearly 100 mA/m. In contrast, susceptibility values are uniformly low, below 0.5 mSI units in most samples (Komissarova, 1970) .
Stepwise thermal demagnetization revealed that the NRM could be accounted for by up to three components in varying proportion. A low-temperature component (LTC) was removed between 200 and 300°C and may dominate in samples with low NRM values. The LTC directions are scattered at some sites or gravitate toward the present-day field direction. Thus, this component is likely a recent viscous overprint and is excluded from further analysis.
After removal of the LTC, an intermediate-temperature component, ITC, is present ( Fig. 2a-b ) in many cases. The ITC directions are scattered, with the exception of site BSW10 (Fig. 2b-c) , where the ITC is adequately clustered with a mean direction in situ (D°= 243.8, I°=−39.3, α 95°= 13.2°, n = 8 samples). This direction is similar to the regional mean of the Permian overprint (D°= 230.0, I°=− 40.7, α 95°= 8.7; Levashova et al., 2013) .
In approximately half of the collection, no ITC is observed and a single well-defined high temperature component (HTC) shows a rectilinear decay to the origin ( Fig. 2d-f ). In samples with an ITC component, the HTC component can also be reliably isolated . It seems that the same HTC is present in the samples of Basu rocks, irrespective of the differences in demagnetization characteristics. It is worth noting that there are no samples with the HTC bypassing the origin and revealing a remanence of opposite polarity. The HTC is mostly unblocked between 580°and 700° (Fig. 2) and resides in hematite. Optical studies indicate that hematite grains are widespread in the Basu rocks (Kozlov, 1982) . Rock magnetic studies of the Basu rocks confirm that hematite, sometimes with traces of magnetite, is the main remanence carrier (Komissarova, 1963 (Komissarova, , 1970 Iosifidi et al., 2012 ). This conclusion is valid for all rock varieties, and the samples of very similar color and grain size may have the single HTC, both HTC and ITC, or no stable component at all. Dark maroon and purely gray samples may yield similar HTC directions.
HTC directions are acceptably grouped at 34 sites of 49 studied ( Fig. 3a-b ; Table 2 ). The fold test (McElhinny, 1964) is positive (k TC / k IS = 5.15; 95% critical value is 1.51), maximum data grouping is at 100% unfolding. Some site-means, however, are rather poorly defined, and the same test was repeated for better defined 24 sites with α 95 b 15°. Using the more restrictive dataset, the fold test was also positive (k TC /k IS = 6.45; 95% critical value is 1.63) (Fig. 3d) . The positive fold test only constrains the age of magnetization to older than the mid-Permian (Puchkov, 2003) . We note that the mean from sites with α 95 N 15°and the mean from sites with α 95 b 15°are statistically similar (called imprecise and precise, respectively; Table 2 ). We conclude that the lower precision data stem from poor averaging of internal scatter rather than from contamination by another remanence. Note also that the HTC directions are statistically similar over more than 100 km (Fig. 1b , Table 2 ) that negates local rotations between sampling sites.
The HTC reveals a dual-polarity magnetization (Figs. 2 and 3). At four sites, where relatively thick intervals were sampled, both polarities are found in several adjacent samples; such one-polarity intervals are treated as separate sites ( Table 2 ). The HTC directions form two distinct polarity clouds at both site-mean and sample levels after tilt correction. The reversal test is "double" positive: the scatter of normal and reverse sites is statistically identical (k N = 50.3, k R = 47.8), and the polarity means are antipodal: the observed angle between them (inverted to one polarity) is much less than the critical one (γ obs = 3.8°, γ crit = 8.8°; class B; McFadden and McElhinny, 1990 ). The test is also positive at the sample level (k N = 15.9, k R = 14.9; γ obs = 2.8°, γ crit = 5.4°). Note that there is no trace of the Basu 2 component ( Table 1) that was claimed to be of primary origin by Iosifidi et al. (2012) , among our nearly two hundred HTC sample directions (Fig. 3c ).
Results on slump folds and the origin of the high-temperature component
We sampled three slumps at different localities. In the lower part of the KK section, slump 1 is exposed in an~2.5 m high wall of an abandoned small quarry that was used for road construction. In some places (gray spots in Fig. 4a ), the rocks are strongly fractured, most probably during the quarry being in use. Slump 2 is found in the natural outcrop in the upper part of the KK section (Fig. 5a ). Some fifteen samples were taken from each slump, mostly from fine-grained platy sandstone, and a standard site of 7-8 samples was taken from non-deformed beds close to each slump. Bedding was separately measured for each sample from the slumps; this was facilitated by platy character of sandstones that show the strongest degree of slumping. Finally, both slump 3 and host rocks at locality GB did not yield stable components.
Demagnetization characteristics are very similar for deformed and non-deformed rocks and also similar to those for the Basu rocks in general (Fig. 2) . The grouping of HTC data at two non-deformed sites is reasonably good, and the corresponding sitemeans agree with the other HTC directions after tilt correction (Tables 2 and 3 ). Thus we conclude that the remanences in nondeformed rocks near the slumps and in the main body of the Basu Fm. are of the same origin.
In slump 1, from the lower part of the KK section, the HTC directions are significantly better grouped after tilt correction, and the best data grouping is achieved after 100% unfolding although the overall scatter remains rather high ( Fig. 4e-g ). In slump 2, the best data grouping is achieved at 55% of unfolding ( Fig. 5e-h ). Moreover, the slump mean is displaced both from the mean for the adjacent site ( Fig. 5e-f ) and main dataset (Fig. 3b) .
The fold test in paleomagnetism is based on an assumption that each fold limb rotates as a rigid body about a horizontal axis. When slumping in a pliable bed occurs very soon after deposition, this assumption is invalid. Hence the perfect alignment of paleomagnetic vectors is unlikely even if the remanence predates slumping. Moreover, the slumped block may be displaced as the whole, which is likely what happened with slump 2. Thus, the HTC is older than slumping in the first case, while it appears to be coeval with deformation in the second. These slump-test results provide strong evidence for a primary remanence in the Basu Fm.
In sum, the positive fold and reversal tests and two slump tests indicate that the remanence was acquired very close to the age of deposition. In spite of this evidence for a primary remanence, it should be noted that the Basu pole falls close to the Late Ordovician-Silurian segment of the apparent polar wander path (APWP) for Baltica. This similarity was noted decades ago (Komissarova, 1970) and confirmed by recent studies (Golovanova et al., 2011) . In the latter paper, the remagnetization hypothesis was analyzed, but could not be rejected as a possible explanation for the similarity in direction. Given the positive slump tests in our study, we conclude that the agreement between the APWP for Baltica and the Basu pole is fortuitous, and the dual-polarity HTC in the Basu rocks is primary.
Inclination shallowing
Inclination shallowing was discovered many decades ago (King, 1955) but was thought to be relatively uncommon. In the 1990's evidence began to mount that inclination shallowing is more widespread in fine-grained red beds and sparked a renewed interest in analytical and experimental techniques aimed at identifying the problem. Detection of inclination shallowing remains cumbersome and laborintensive, while correcting for inclination shallowing was, and still is, a tricky business (Sun and Kodama, 1992; Tan and Kodama, 2002) . In an effort to simplify both detection and correction of inclination shallowing, the elongation-inclination test was regarded as a major break-through and is widely utilized (Tauxe and Kent, 2004; Tauxe, 2005) . There are, however, several points that may affect the validity of this approach:
1. Tauxe and Kent (2004) used a model of the geomagnetic field based on observations over the past 5 Ma. While the 0-5 Ma field data are fairly robust, the model has not been validated for earlier periods in Earth history and even during that interval, the fit of model predictions to observations often shows large discrepancies (Johnson et al., 2008) . 2. The elongation of a paleomagnetic distribution is a statistical parameter that becomes acceptably "steady" for large datasets only. Tauxe and Kent (2004) recommend a minimum of 100 site means are required for proper analysis. This level of sampling density is seldom achieved with the exception of a series of thick lava flows. 3. The scatter of observed directions, especially in sediments, is due not to secular variation alone but to its sum with paleomagnetic noise from other sources. Hence, the distributions of paleomagnetic data may be more circular than predicted by the TK-model. 4. The correction for inclination shallowing is performed with the bootstrap that gives biased, often strongly biased (see Fig. 5 in Tauxe et al., 1991) , estimates for all parameters that are not normally distributed. In particular, elongation parameter has a clearly non-Gaussian distribution, and thus its estimates can be strongly biased.
Thus while the E-I method may prove useful in some younger studies, the limitations noted above preclude its blanket use as a corrective measure. An alternative may be the use of qualitative tests to determine if shallowing is present. In a purely geometric sense, inclination shallowing will affect the distribution of paleomagnetic data by transforming a circular or near circular distributions into a banana-like distribution with elongation in the east-west direction (Bazhenov, 1981; Tauxe, 2005) . Hence the presence of strong inclination shallowing can be established by observation if the banana-like elongation is present and statistically significant.
In our case, the number of acceptable Basu sites (Table 2) is too limited for the E-I method. We compiled sample directions from the sites, where consistent HTC data are recovered from all or most samples (Fig. 3c, Table 4 ). As the samples are stratigraphically ordered at each site, each unit vector represents a spot reading of the field, albeit an imprecise one. The pre-shallowing form of the distribution can be reconstructed by stepwise varying the shallowing parameter f in the formula: tan I m = f * tan I o , where I is inclination (°), subscripts m and o stand for measured and original values, respectively, f may vary from omments. Localities are labeled as in Fig. 1b ; ALL is the overall mean for all sites listed in the table; Precise/Imprecise is the mean for all sites with α 95 b 15°(α 95 N 15°); LOCs is the mean for five locality-means, each of which is calculated for all sites from the locality. S/d is the mean strike and dip for the site. n, number of samples (sites) [localities] studied/used. Mean pole is computed by averaging site-mean virtual geomagnetic poles: Plat, pole latitude; Plong, pole longitude; K concentration parameter, A 95 , radius of 95% confidence circle. Other notation as in Table 1 .
⁎ These sites are close to two slump folds that are discussed separately. ⁎⁎ These means are computed by recalculating all site-means and locality-means to the common point at 54.3°N and 57.3°E.
1 to 0. After each step, we calculated an elongation parameter E value after Tauxe (2005) and a best-fitting great circle that denotes the long axis of distribution. The latter must pass close to the projection pole (deviation of the great circle from the pole, ΔGC, is close to zero) if a distribution is elongated in vertical plane as predicted by the model of Tauxe and Kent (2004) . In other words, the declination of the point where this great circle crosses the stereonet equator must coincide with the mean declination for the dataset in this model. In contrast, this great circle must deviate from the projection pole with ΔGC°~(90 − I m ) for shallowed data. Note also that, to be statistically significant, the observed elongation must exceed the 95% critical value for this parameter; for 195 vectors used in analysis, the latter value is 1.30. For the original dataset, i.e., for f = 1.0 (Fig. 6a, Table 4 ), the unit vectors form a well-defined cloud of nearly circular outline, E is statistically insignificant and much less than the value predicted by the TKmodel. ΔGC of 40.5°is large but significantly less than the predicted value of~54°for shallowed data. Hence this distribution is axially symmetric with statistically insignificant and spuriously oriented elongation that, by itself, is evidence against strong shallowing. The features predicted by the TK model are absent as well. For f = 0.9, the elongation slightly increases but remains insignificant; in contrast, ΔGC decreases sharply to~10°and becomes nearly vertical. The deviation from the circularity is barely discernible (Fig. 6b, Table 4 ). After the next step (f = 0.8; Fig. 6c ), the elongation becomes both visible and statistically significant, while ΔGC becomes negligible; elongation becomes similar to the fi n e -g ra in e d s a n d s to n e fi n e -g ra in e d s a n d s to n e w it h c le a r re g u la r b e d d in g w it h c le a r re g u la r b e d d in g N o n -d e fo rm e d b ro w n -g ra y fi n e -g ra in e d s a n d s to n e w it h c le a r re g u la r b e d d in g 50 cm 50 cm 50 cm
West West West East East East TK model predictions. The situation becomes even clearer for f = 0.7 (Fig. 6d, Table 4) , with E exceeding the prediction of the TK model. Hence we found no indication of strong inclination shallowing in the Basu data although it remains possible that something on the order of 10% or less shallowing may have occurred.
Coherence of the South Urals and Cratonic Baltica
Can we extrapolate the paleomagnetic data from the western Urals to Baltica? The answer to this question requires evidence that the sampled region was not a far-traveled terrane that had docked to Baltica during the Paleozoic. We noted earlier that the Neoproterozoic sequences (~900-542 Ma) are reliably traced from the fold belt to the Ural Foredeep and further to the eastern parts of Baltica; this correlation is supported by a series of seismic profiles (Stratotype of the Riphean: Stratigraphy, Geochronology, 1983; Puchkov et al., 2001; Maslov, 2004; Kuznetsov et al., 2010) . Despite the gaps in geologic record, no angular unconformities are found between Ediacaran through Paleozoic sedimentary rocks until the mid-Permian in the westernmost units of the South Urals (Puchkov, 2003) . Thus, there are no traces of any collisional events from the late Neoproterozoic until the Permian. Taking these two lines of evidence together we are confident that the western tectonic units of the Urals are a part of the cratonic Baltica margin, deformed in Permian time (Puchkov, 2003; Maslov, 2004; Bogdanova et al., 2008; Levashova et al., 2013) .
While the study area can be reliably tied to cratonic Baltica, it does not preclude rotation of these units with respect to the craton during the Permian orogenesis. In an effort to evaluate this possibility, Levashova et al. (2013) studied Paleozoic and Neoproterozoic rocks at several localities and have isolated a synfolding component with SW and up directions. The mean direction of this overprint was found to agree within few degrees with the reference directions recalculated from the apparent polar wander path of Baltica for the interval from 300 to 270 Ma. As major folding in the studied westernmost part of the South Urals took place in Kungurian time (Puchkov, 2003) , the observed agreement speaks against relative rotation between this part of the Urals and cratonic Baltica . Thus, both geologic and paleomagnetic data do not reveal significant relative motions between the study area and craton, and paleomagnetic data from these western Uralian units can be used to constrain the paleogeography of Baltica during the Ediacaran interval.
Interpretation and discussion
The aforementioned paleomagnetic and geological data allow us to conclude that: 1) the rocks of the Basu Formation were deposited between 570 and 560 Ma; 2) the high temperature component of magnetization in these rocks is of primary origin; 3) inclination shallowing is negligible; and 4) the Basu Formation pole can be extrapolated to Baltica. Thus, we can include this result in the list of Ediacaran paleomagnetic poles for Baltica (Table 5) .
Cambrian-Late Precambrian -APWPs for Laurentia and Baltica are a matter of considerable debate because the existing set of paleomagnetic data for this time interval is highly controversial (Meert, 2014) . Thus, before speculating on Laurentia and Baltica relationships and the possible timing of the Iapetus opening, one must review the Late Precambrian-Cambrian paleomagnetic data for these two continents.
Early Ordovician-Ediacaran paleomagnetic data from Baltica
The well-defined Early Ordovician (480 Ma) mean pole (Torsvik et al., 2012) forms a useful 'anchor-point' for evaluating plate motion implied by the Ediacaran-Cambrian paleomagnetic data (EO in Table 5 ). The poles for Baltica for the interval from 615 to N 480 Ma are listed in Table 5 and compared with the Baltic APWP in Fig. 7 .
A pole on Upper Cambrian (ca. 500 Ma) Andarum shale (AS, Table 5 ; Torsvik and Rehnström, 2001 ) is based on eleven samples only. The Narva sediment pole (NS ; Table 5 ) is based on eleven samples of Lower Cambrian fine-grained sediments but is confirmed by the reversal test (Khramov and Iosifidi, 2009 ). The Early Cambrian (about 535 Ma) Tornetrask/Dividal results are derived from sediments along the Caledonian front (T; Table 5 ; Torsvik and Rehnström, 2001 ). The Nekso sandstone pole (NE; Table 5 ; Lewandowski and Abrahamsen, 2003) is derived from a horst block within the Caledonian deformational region.
Upper Ediacaran sediments outcrop along the southeastern coast of the White Sea; their stratigraphic age is confirmed by the~555 Ma U-Pb age on zircons from ash beds (Martin et al., 2000; Grazhdankin, 2003) . Four consistent poles (Z, VH, AR, WC; Table 5 ) from a narrow stratigraphic interval (~550-555 Ma) are available from this area (Popov et al., 2002; Iglesia Llanos et al., 2005; Popov et al., 2005) .
In Volhynia (southwestern Baltica), the Ediacaran section comprises several hundred meters of thick succession of lava flows and tuffs (known mostly from boreholes) that is overlain by a 200 meter thick sedimentary cover (Velikanov, 1985) . Few U-Pb ages on zircons from the volcanic rocks yield a late Ediacaran-Fortunian age of ca. 540-550 Ma (Compston et al., 1995) , although older ages of~580 Ma were inferred from 40 Ar/ 39 Ar data (Elming et al., 2007) . Three teams independently studied paleomagnetism of these volcanics (Iosifidi et al., 2001; Nawrocki et al., 2004; Elming et al., 2007) . Sampling was limited to two small quarries with no more than four cooling units in the northern part of Volhynia, and one or two cooling units only were sampled in two small quarries in the south. Elming et al. (2007) note that the "northern" sites (VN ; Table 5 ) indicate a high-paleolatitude position for Baltica, whereas the "southern" sites (VS ; Table 5 ) place central Baltica at a latitude of~20°, N or S. Iosifidi et al. (2005) studied overlying Ediacaran sediments in the same area and recognized six different remanent directions, some of them bi-polar, in these rocks. Our re-evaluation of these data shows that the distributions of component directions strongly overlap and just two very diffuse clouds can be recognized (not illustrated). Therefore, there is a reason to question the validity of each mean direction reported by Iosifidi et al. (2005) ; we note, however, that none of their directions infers a high-latitude position for Baltica during the Late Ediacaran-Early Cambrian.
The Zigan pole (550-542 Ma; Z in Table 5 ; Levashova et al., 2013 ) was derived from the Zigan Fm. red beds from the westernmost tectonic units of the Ural fold belt located at deformed eastern margin of Baltica. This remanence is likely primary as indicated by a positive reversal test Notation as in Tables 1 and 2 . Comments. f, flattening. ΔGC, angular deviation of the great circle fitted to the data from the stereonet center. E, observed elongation value. E pr , predicted elongation value (interpolated from Tauxe and Kent (2004)). 95% critical value of E is~1.3. Other notation as in Table 1 .
and regional consistency test. Similar to the Basu data, this result can be extrapolated to cratonic Baltica. The Zigan pole falls into the cluster formed by the White Sea poles and South Volhynia pole (Fig. 7) . Good grouping of the data from three remote parts of the craton makes the overall Late Ediacaran mean pole (VWZ , Table 5 ) a useful "anchorpoint" for constructing the pre-Ordovician part of the Baltic APWP. The Basu pole (575-560 Ma, BA in Table 5 ) is described in this study. Although the Asha Series is usually described as a conformable pile of five formations this is due primarily to a lack of precise ages and/or diagnostic fossils (Stratotype of the Riphean: Stratigraphy, Geochronology, 1983) . Paleomagnetic data are available only from the Basu and Zigan Fms., which are separated by the relatively thin Kuk-Karauk Fm. with reportedly gradual upper and lower boundaries. The large difference between the corresponding poles (Table 5 ) must also be explained in terms of the available age constraints for the two units.
Paleomagnetic data are available on the Fen Complex in southern Norway (Poorter, 1972; Piper, 1988; Meert et al., 1998) and Alnö Complex in central Sweden (Piper, 1981; Meert et al., 2007) . These carbonatite complexes are nearly coeval (~585 Ma), and their corresponding paleomagnetic data can place the study locations in Baltica at intermediate latitudes (Fen complex, F; Table 5 ), close to the geographic pole (Alnö steep component, A1; Table 5 ) or in the tropics (Alnö shallow component, A2; Table 5 ). Meert (2014) showed that the Fen paleomagnetic pole is most likely a remagnetization acquired during the opening of the Oslo Rift (Permo-Triassic) and that the Alno data are of too poor quality to merit further discussion.
The sole Early Ediacaran pole comes from the Egersund dykes in SW Norway (E; Table 5 (Fisher, 1953) . Age, rock age in Ma. a Overall mean of the listed poles.
at 616 ± 3 Ma (zircon U-Pb age) and is confirmed by a positive baked contact test.
Comparison of the Ediacaran-Cambrian and reference data for Baltica shows that the Andarum, Tornetrask, Alno1 and Fen poles fall directly on the Early Mesozoic-Permian segment of the APWP, while the Nekso pole falls within 10°of this overprint direction (Fig. 7) . We feel that this similarity to a younger pole along with the lack of evidence for a primary remanence in these rocks, thus strongly undermine the validity of these data. The Egersund dykes pole also falls near the Early Ordovician mean pole for Baltica (within 11°) although the age of its remanence is supported by a baked contact test.
The Narva pole was considered by Khramov and Iosifidi (2009) as representative of a remagnetization at the Cambrian-Ordovician boundary, although it differs by more than 30°from the nearest reference pole. The Narva result is based on limited statistics and thus should not be used as a tie-point in any tectonic analysis. The same arguments pertain to the Volhynia North pole. The WZV appears to be the most trustworthy in the data list analyzed, while the primary origin and reliability of the Basu result have been already argued. Thus, for the Ediacaran-Early Ordovician interval, the paleoposition of Baltica can be ascertained from the four poles only, which are the 480 Ma reference, VWZ, Basu, and the Egersund poles. The resulting very schematic APWP (Fig. 7) infers the following kinematic scenario: 1) Egersund-Basu (616-565 Ma) interval. Baltica moves from high to low latitudes by 45°at velocity of~0.9°/Ma (9 cm/year) and rotates by ca. 30°CW. 2) Basu-VWZ (565-550 Ma) interval. Baltica moves to a still lower latitude at a velocity of~0.8°/Ma (8 cm/year) and quickly rotates by ca. 50°CW. 3) VWZ-Early Ordovician (550-480 Ma) interval. Baltica reverses its motion and drifts poleward at a velocity of~0.7°/Ma (7 cm/year). The sense of rotation is reversed and the craton rotates by ca. 100°C CW.
All inferred motions with poleward velocities between 7 and 9 cm/year are rather fast but similar and even larger velocities are not uncommon.
Early Cambrian-Ediacaran paleomagnetic data from Laurentia
The Early Ordovician and Middle to Late Cambrian parts of the Laurentia's APWP are based on a sufficient number of mutually consistent paleopoles, and we rely on the existing APWP (Torsvik et al., 2012) . As for the Early Cambrian to Ediacaran poles, we mostly follow the choice of McCausland et al. (2007) .
Two poles are listed in Table 6 for Early Cambrian time. McCausland et al. (2007) claim that the result on the 532 Ma Mont Rigaud stocks satisfies all quality criteria (Van der Voo, 1990), except for the clearly positive field test. Three poles are tabulated for Late Ediacaran time (Table 6 ), although none of them provides a well-resolved pole position for Laurentia. The 550 ± 3 Ma Skinner Cove Fm. result (SC; McCausland and Hodych, 1998 ) is from western Newfoundland, which is allochthonous to Laurentia. This area probably never was far away from the continent margin (Cawood et al., 2001; Hodych et al., 2004) but the lack of relative rotations and, hence, full coherency with Laurentia was not demonstrated. Dual-polarity shallow directions are reported from the carbonate Johnnie Fm. (JR, Van Alstine and Gillett, 1979) , but the rock age is poorly constrained. Basing on the assumed age of the overlying rocks, Meert et al. (1994) estimated these carbonates as ca. 555 Ma although more recent estimates constrain the age of the Johnnie to 'younger than 580 Ma' (Kaufman et al., 2007; Trower and Grotzinger, 2010; Petterson et al., 2011) . Finally, the 565 Ma Sept Iles intrusion has a shallow 'A' magnetization (SI-A) in the intrusion only and a steep dualpolarity 'B' magnetization (SI-B) present in four mafic dykes and several sites in the intrusion (Tanczyk et al., 1987) . These researchers interpreted the 'A' remanence as primary because it has higher coercivity and unblocking temperature; this view is supported by a positive inverse contact test. Collectively, SC, JR and SI-A poles suggest that Laurentia was located at low latitudes in the Late Ediacaran.
For the Early Ediacaran epoch, the 572 ± 5 Ma Catoctin basalts carry three different components of magnetization (Meert et al., 1994) (Torsvik et al., 2012) and the selected Cambrian-Ediacaran paleomagnetic poles from Baltica keyed as in Table 5 and the text. Reference data are shown as north poles (solid dots) with associated confidence circles (thin solid lines) connected with thick solid green line; the ages in Ma are shown for some reference poles. The Ediacaran poles that are used for interpretation are shown as stars with yellow-filled confidence circles and connected with thick dashed lines with the age differences between neighboring data; the poles that are discussed but discarded are shown as squares with gray-filled confidence circles. (Hodych et al., 2004; Murphy et al., 2004) . The Catoctin 'C' component (CT-C) was isolated at intermediate temperatures, and Meert et al. (1994) argued that it was the result of Middle Paleozoic overprinting. The 577 ± 1 Ma Callander complex carry a steeply directed dualpolarity remanence (CC) that passes the baked contact test (Symons and Chiasson, 1991; Kamo et al., 1995) . The 590 Ma Grenville Dykes steep 'B' remanence (GD-B) was interpreted as primary (Murthy, 1971; Buchan et al., 2004) , while the shallow 'A' directions in other Grenville Dykes (Murthy, 1971) do not have supporting field test and are supposed to be of secondary origin. The first paleomagnetic study from the 615 Ma Long Range dykes (Murthy et al., 1992) was later recalculated by Hodych et al. (2004) . This recalculated result (LR) for five out of the six dykes encompasses two polarities, and, despite poor resolution, suggests a low latitude location of Laurentia.
In full accord with earlier papers (e.g., McCausland et al., 2007) , our analysis points to existence of two groups of poles: one of them suggests a low-latitude position for Laurentia, while the other group places it in high latitudes (Table 6 ; Fig. 8a ). Four poles inferring a high-latitude position for Laurentia range in age from 590 Ma to 564 Ma and do not overlap its Phanerozoic APWP for any polarity option. In contrast, all low-latitude poles are in good to excellent agreement with the EarlyMiddle Paleozoic segment of this APWP (Fig. 8a) . Moreover, the Laurentian low-latitude poles for the 615-530 Ma window do not outline any clear progression with age; instead, they reveal an erratic pattern with nearly identical start-and end-points (Fig. 8b) . One way to explain the above features is to hypothesize several remagnetization events at different parts of east Laurentia, but testing this hypothesis against geological data is out of scope of this paper. An argument against this assumption is the positioning of the Johnnie pole from western Laurentia where no tectonic events are known in the Middle Paleozoic.
The subject of Laurentia's paleolatitude in the Ediacaran remains enigmatic. Until the early 1990's, Laurentia was placed at low latitudes until several studies pointed to a possible high-latitude position for Laurentia (Symons and Chiasson, 1991; Park, 1992; Meert et al., 1994; Park, 1994) . A high-latitude position was then generally accepted in the literature until questioned by Pisarevsky et al. (2000) ; see also comments by Meert and Van der Voo (2001) and reply by Pisarevsky et al. (2001) . While not conclusive, the low-latitude position for Laurentia has become 'favored' in more recent literature and an explanation for the high latitude results remains elusive.
Tectonic implications
Paleogeographic and tectonic reconstructions require reasonably precise constraints on the timing of continental rifting and initiation of ocean spreading, timing of ocean closure and continental collision, and positions of the continents through time. To reconstruct the Laurentia and Baltica relationships and the process of the Iapetus Ocean opening and evolution in the Late Precambrian-Early Paleozoic one needs both paleomagnetic data from the two continents and geological evidence on the process of the Iapetus opening.
The Humber zone of the Appalachian orogen represents the eastern margin of Laurentia and preserves a record of continental margin initiation associated with opening of the Iapetus Ocean (Williams, 1995; Cawood et al., 1996 Cawood et al., , 2001 ). This zone consists of crystalline basement of the Grenville province unconformably covered by a sequence containing rift, continental margin, and foreland basin units. Rift sequences contain mafic to felsic volcanic flows and intrusions, while drift sequences are carbonate-dominated. Two pulses of rifting, from ca. 760 to 700 Ma and from ca. 620 to 550 Ma, are recognized along the eastern margin of Laurentia (Aleinikoff et al., 1995; Mitchell et al., 2011; O'Brien and van der Pluijm, 2012) . The first pulse is correlated to the opening of the proto-Pacific between the west Laurentia and East Australia-West Antarctica conjugate margins Powell, 1995; Wingate and Giddings, 2000) . Younger rift-related magmatic activity, widespread in the central to northeastern Appalachians (Aleinikoff et al., 1995) , is associated with the opening of the Iapetus Ocean, first between Laurentia and Baltica, and then between Laurentia and elements of west Gondwana.
Geological data indicate that igneous activity at the Laurentian margin continued in a rift setting until ca. 550 Ma (cf. Kumarapeli et al., 1989; Williams, 1995; Cawood et al., 1996; Higgins and van Breemen, 1998) . However, McCausland and Hodych (1998) suggested that post-570 Ma magmatism may reflect either igneous activity along the failed Ottawa-Bonnechere rift arm, or passive margin alkalic magmatism. Thus, the initiation of Iapetus spreading started either at about ca. 570 Ma, or at about ca. 550 Ma. A younger limit on the timing of the initiation of seafloor spreading is provided by the age of the earliest driftrelated sedimentation, which is probably not older than ca. 525-520 Ma (Cawood et al., 2001) .
The Iapetus traces are more limited in Europe, being confined to some rift-related magmatic complexes in Norway (Dahlgren, 1994; Meert et al., 1998) , Sweden (Meert et al., 2007) and the British Isles (van Staal et al., 1998) along with rift-related mafic dykes (Bingen et al., 1998) .
The paleogeographic reconstructions for Early Ordovician interval that includes the Tremadocian and early Arenigian (beginning at 490 Ma, ending at 471 Ma) seem to be most reliable due to the large number of faunal and paleomagnetic studies that have been undertaken on the rocks of this age. In the Early Ordovician, both "Baltica" and "West Gondwana" arms of the Iapetus Ocean were at their widest (Torsvik and (1989) and Kamo and Gower (1994) . Pos, inferred position of Laurentia: H, high-latitude; L, low-latitude. Other notation as in Table 5 . a Identified as a Middle Paleozoic overprint by Meert et al. (1994) . Trench, 1991; Cocks and Torsvik, 2002) . Hence the early Ordovician reconstructions ( Fig. 9a) can be used as a starting point for evaluating the earlier paleogeography. Gondwana was mostly assembled at around 550-540 Ma (Meert and Van der Voo, 1997; Meert, 2003; Meert and Lieberman, 2008) , although the fusion of some cratonic elements (Amazonia, West Africa) with central Gondwana may have occurred during Middle to Late Cambrian times (Tohver et al., 2006) . At the time of Iapetus Ocean opening, Gondwana did not exist as a single continent, and thus we will deal only with the Baltica-Laurentia relationships in our reconstructions.
The position of Baltica during the Cambrian is poorly unknown, as there are no unambiguous paleomagnetic data for this time interval. At the end of the Ediacaran (~550 Ma), Baltica's position is defined by the group of paleomagnetic poles (VWZ, Table 5 ; Fig. 9b ). The position of Laurentia at that time is defined only by the 550 ± 3 Ma Skinner Cove Formation (Table 6 ). According to the limited data, Laurentia is located at low latitudes at the end of the Ediacaran and the "Baltica" arm of the Iapetus Ocean is already rather wide (Fig. 9b) .
For the 575-560 Ma interval, the position of Baltica is defined by the Basu pole (BA in Table 5 ), and there are three paleomagnetic results from Laurentia (Table 6 ). The 565 Ma Sept Iles intrusion has a shallow 'A' magnetization and a steep dual-polarity 'B' magnetization (Tanczyk et al., 1987) . The 572 ± 5 Ma Catoctin basalts carry three different components of magnetization (Meert et al., 1994) : a steep Catoctin 'A' remanence, a shallow Catoctin 'B' remanence and a Catoctin 'C' component that was isolated at intermediate temperatures and is supposed to be a Middle Paleozoic overprint. The 577 ± 1 Ma Callander complex carries a steeply directed dual-polarity remanence (Symons and Chiasson, 1991; Kamo et al., 1995) (Torsvik et al., 2012) and the selected Ediacaran paleomagnetic poles from Laurentia keyed as in Table 6 and the text. Reference data are shown as north poles (solid dots) with associated confidence circles (thin solid lines; not shown for Mesozoic and Cenozoic for clarity) connected with thick solid green line; the ages in Ma are shown for some reference poles. The Ediacaran poles that infer a low-latitude position of Laurentia are shown as stars with yellow-filled confidence circles; the "high-latitude" poles are squares with non-filled confidence circles. (b) The time succession of the Early Cambrian-Ediacaran paleomagnetic poles from Laurentia. Arrow-heads point from older to younger data. Other notation as in Fig. 8a .
Laurentia at that time. If the low-latitude Sept Iles 'A' and Catoctin 'B' poles are used, Baltica and Laurentia can be positioned close to each other and suggest a relatively narrow Iapetus Ocean. If we suppose the Sept Iles 'B', Catoctin 'A' and Callander complex remanences to be of primary origin, Laurentia must have been far to the south of Baltica with a wide Iapetus Ocean (Fig. 9c) .
There are no paleomagnetic data for Baltica between 575 and 560 Ma Basu and the 616 ± 3 Ma Egersund dykes poles (Table 5 ). The oldest Early Ediacaran result -the 615 Ma Long Range dykes pole suggests a low latitude position for Laurentia, but is based on only five dykes. According to geological data, the Iapetus Ocean had not yet opened at 615 Ma. Paleomagnetic data from the nearly coeval Long Range Dykes and Egersund Dykes poles are consistent with a relatively tight fit between the two continents (Fig. 9d) given the errors in age and position. A strange dichotomy exists between the geological and paleomagnetic data. The "low-latitude Laurentia" scenario is in agreement with the geological data, but poles from Laurentia and Baltica used to constrain the paleogeography are similar to younger poles and thus potentially represent remagnetizations. In contrast, the "high latitude scenario" looks less suspicious from a paleomagnetic perspective (i.e. the poles are unique for the last 600 Ma), but require a wide Iapetus Ocean in direct contrast to the available geological data.
Conclusions
A paleomagnetic study of gray and maroon sandstone and siltstone of the Basu Formation (Ediacaran-age) from the eastern deformed margin of Baltica was carried out at several localities spread over 150 km. The age of the Basu Formation is constrained to the 570-560 Ma interval by correlation, fossils and isotopic ages of overlying and underlying units. A dual-polarity magnetization was isolated in about two-thirds of a large collection. The HTC is considered primary on the basis of positive reversal, fold and slump tests. A schematic APWP for Baltica reveals motion of this craton with velocities of 7 to 9 cm/year for the 480-615 Ma interval. An attempt to reconstruct the early stages of the Iapetus Ocean between Baltica and Laurentia is problematic. As is well known, late Cryogenian and Ediacaran poles for Laurentia form two distinct groups (a high-and a low-latitude ones) that are difficult to reconcile. Solutions to this conundrum have been proposed (Abrajevitch and Van der Voo, 2010; Mitchell et al., 2011) . Mitchell et al. (2011) propose that the swings from low (615 Ma) to high (580 Ma) back to low (550 Ma) latitudes of Laurentia are the result of true polar wander. Abrajevitch and Van der Voo (2010) argue that the Earth's magnetic field exhibited a strange geometry wherein a long-standing equatorial dipole field alternated with a geocentric axial dipole field to produce the apparent high-low latitude transitions. In our opinion, neither option is wholly satisfying. As noted by Meert (2014) , the equatorial dipole argument is a global phenomenon that should be reflected in all paleomagnetic data. In the case of Baltica, a review of existing data (repeated above) along with our new result show no swings between high and low latitude results. The true polar wander hypothesis remains possible, but requires additional data from all continents.
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